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Abstract
The ALICE experiment has measured quarkonium
production in Pb-Pb collisions at
√
sNN = 2.76 TeV
and in p-Pb collisions at
√
sNN = 5.02 TeV. The
measurements are performed in the dielectron de-
cay channel at mid-rapidity (|yLAB| < 0.9) and in
the dimuon decay channel at forward rapidity (2.5 <
yLAB < 4). We focus in particular on the J/ψ nuclear
modification factor measured both in Pb-Pb and p-
-Pb collisions and on the Υ(1S) nuclear modification
factor measured in Pb-Pb collisions.
1 Introduction
The primary aim of ultra-relativistic heavy-ion col-
lisions is to produce nuclear matter at high temper-
ature. Under this conditions Quantum Chromody-
namics predicts the existence of a deconfined state
of partonic matter or QGP (Quark-Gluon Plasma).
Heavy quarks are produced in hard scatterings oc-
curring in the early stages of the collision before the
deconfinement phase and interact with the medium.
Quarkonium measurements thus provide essential in-
formation on the medium. In addition, quarkonium
production in AA collisions is expected to be sensi-
tive to the nuclear modification of parton distribution
functions (shadowing and anti-shadowing classified as
nuclear initial state effects) and to the quarkonia en-
ergy loss or break up in cold nuclear matter (nuclear
final state effects). Measuring quarkonium produc-
tion in pA where no QGP is expected, should help to
quantify nuclear initial/final state effects.
According to the color-screening model [1], the
measurement of the dissociation probability of the
different quarkonium states is expected to provide
an estimate of the initial temperature of the QGP.
In particular, the Υ(1S) should dissociate at much
higher temperature than all the other bottomonium
(or charmonium) states. Together with the other Υ
resonances, bottomonia can therefore be considered
as a very effective thermometer of the system [2]. Ex-
tensive experimental results on J/ψ production in AA
collisions at SPS [3] and RHIC [4] show a significant
suppression with respect to pp and even pA collisions.
However, the interpretation of RHIC results is not so
straightforward and have lead to the development of
various models. A class of models predict a signifi-
cant contribution to quarkonium production due to
the in medium recombination of un-correlated heavy
quark pairs [5, 6, 7]. The increasing production rate
of the latter with increasing energy should make the
AA collisions at the LHC suitable for detecting pos-
sible enhancement effects on the J/ψ production. In
what concern bottomonium production by recombi-
nation, it should be much less important as the initial
production rate for bb¯ pairs is smaller than that of cc¯.
ALICE (A Large Ion Collider Experiment) [8] is
the LHC experiment dedicated to the study of heavy-
ion collisions. At forward rapidity (2.5 < yLAB < 4),
ALICE is equipped with a spectrometer which al-
lows to measure quarkonia via their dimuon decay
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channel. At mid-rapidity (|yLAB| < 0.9), the AL-
ICE central barrel makes possible the measurement of
quarkonia via their dielectron decay channel. In Pb-
Pb collisions, events are selected according to their
degree of centrality by means of the VZERO ho-
doscope made of two scintillator arrays covering the
pseudorapidity ranges 2.8 < η < 5.1 and −3.7 < η <
−1.7. The VZERO also contributes to the Minimum-
Bias (MB) interaction trigger decision.
2 Data Analysis
Table 1 summarises the integrated luminosity of the
analysed data sample, the energy of the collision and
the rapidity range for each of the measurements pre-
sented in these proceedings. While mid-rapidity data
were collected with a MB trigger, forward rapidity
data are enriched with unlike-sign dimuons by means
of the muon spectrometer trigger system.
The relative production of quarkonia in collisions in-
volving a Pb nucleus with respect to that in pp colli-
sions, can be quantified with the nuclear modification
factor (RAA). The RAA can be expressed in term of
the quarkonium invariant yield (Y ), the nuclear over-
lap function (〈TAA〉) and the quarkonium pp cross
section at the same energy in the nucleon-nucleon
center of mass (σpp) as follows:
RAA =
Y
〈TAA〉σpp . (1)
The invariant yield (Y ) corresponds to the proba-
bility for a quarkonium state to be produced in the
detector acceptance during a MB event. The esti-
mate of such a quantity needs correcting the mea-
sured number of dileptons from quarkonium decays
for the acceptance and the efficiency of the detec-
tor and for quarkonia-to-dilepton branching ratio.
The nuclear overlap function is equal to the average
number of binary collisions divided by the nucleon-
nucleon cross-section and can be interpreted as the
nucleon-nucleon equivalent integrated luminosity per
hadronic collision at a given event centrality [9]. In
the case of the J/ψ production measurement in Pb-
-Pb collisions the pp reference cross section was di-
rectly measured with ALICE [10]. For other studies
presented in these proceedings, the pp reference cross
section was obtained by a phenomenological extrapo-
lation of available data on quarkonium hadroproduc-
tion at various energies [11, 12].
3 J/ψ production in Pb-Pb
The J/ψ RAA measured by ALICE in Pb-Pb col-
lisons at
√
sNN = 2.76 TeV in the kinematic range
2.5 < yLAB < 4 (|yLAB| < 0.9) and pT > 0 GeV/c
is shown as a function of the number of participant
nucleons in the left (right) panel of Fig. 1. There is
a clear suppression which does not exhibit a signif-
icant centrality dependence for 〈Npart〉 > 100. At
RHIC energies, the centrality dependence is more
pronounced [13, 14].
ALICE measurements are compared with theoreti-
cal models that include a J/ψ (re-)generation compo-
nent from deconfined charm quarks in the medium.
The Statistical Hadronization Model [5] assumes de-
confinement and a thermal equilibration of the bulk
of the cc¯ pairs. Then charmonium production oc-
curs at phase boundary by statistical hadronization
of charm quarks. The prediction is given for two es-
timated values of dσcc¯/dyLAB, since a measurement
of this quantity still does not exist for Pb-Pb colli-
sions. The two transport model results [6, 7] pre-
sented in the same figures differ mostly in the rate
equation controlling the J/ψ dissociation and regen-
eration. Both are shown as a band which connects
the results obtained with (lower limit) and without
(higher limit) shadowing. The width of the band can
be interpreted as the uncertainty of the prediction.
In both transport models, the amount of regener-
ated J/ψ in the most central collisions contributes
to about 50% of the measured yield, the rest being
from initial production.
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Table 1: Summary of the analysis presented in these proceedings and integrated luminosity of the used data
samples.
system Pb-Pb Pb-Pb p-Pb Pb-p Pb-Pb
Energy (
√
sNN) 2.76 TeV 2.76 TeV 5.02 TeV 5.02 TeV 2.76 TeV
yLAB 2.5 < y < 4 |y| < 0.9 2.5 < y < 4 2.5 < y < 4 2.5 < y < 4
measured particle J/ψ J/ψ J/ψ J/ψ Υ(1S)
Integrated luminosity 69.5 µb−1 ∼ 15 µb−1 4.90 nb−1 4.49 nb−1 69.2 µb−1
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Figure 1: J/ψ nuclear modification factor as a func-
tion of the average number of participant nucleons in
Pb-Pb collisions at
√
sNN = 2.76 TeV measured at
forward rapidity (left) and at mid-rapidity (right).
Data is compared to different models including a
large contribution from (re-)generated J/ψ .
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Figure 2: Left: J/ψ nuclear modification factor as a
function of the rapidity in the center of mass of the p-
Pb/Pb-p system. Right: Ratio of the nuclear modifi-
cation factor at forward rapidity by that at backward
rapidity as a function of the rapidity in the center of
mass of the p-Pb/Pb-p system. Data are compared
to models describing different nuclear initial state ef-
fects. It is worth underlining that
√
sNN = 5.02 TeV.
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4 J/ψ production in p-Pb
The J/ψ nuclear modification factor was measured
down to pT = 0 as a function of the center of mass ra-
pidity (yCM) for p-Pb collisions at
√
sNN = 5.02 TeV
(Fig. 2 (left)). Two beam configurations were stud-
ied, corresponding to Pb nuclei moving away from
(p-Pb) or towards (Pb-p) the muon spectrometer. In
this way one can access RpA at forward and back-
ward rapidity, respectively. As the energy of the two
beams is not the same, the detector rapidity cover-
age in the laboratory frame (2.5 < yLAB < 4) cor-
responds to different coverage in the system center
of mass, 2.03 < yCM < 3.54 (p-Pb), and −4.46 <
yCM < −2.96 (Pb-p). A suppression increasing from
backward to forward rapidity is observed.
The ratio (RFB) between the nuclear modifica-
tion factors measured in the common rapidity range
acessed at forward and backward rapidity (2.96 <
|yCM| < 3.54) is shown (Fig. 2 (right)) as a function
of yCM. The RFB exhibits a small yCM dependence
and is about 0.6.
Data were compared to EPS09 calculations at
Next-to-Leading-Order [15], to a model of coherent
parton energy loss [16] implemented with or without
shadowing (EPS09 at Next-to-Leading-Order) and
to a low-x saturation model (Color Glass Conden-
sate) [17]. Among the considered nuclear initial state
effect models, EPS09 at Next-to-Leading-Order is
found to reproduce reasonably the data with or with-
out the consideration of coherent parton energy loss
while the low-x saturation model is not favoured.
5 Υ(1S) production in Pb-Pb
The ALICE Υ(1S) RAA [12] measured at forward
rapidity (2.5 < yLAB < 4) in Pb-Pb collisions at√
sNN = 2.76 TeV is shown as a function of the num-
ber of participant nucleon in Fig. 3 (left) and com-
pared to that from the CMS Collaboration obtained
at mid-rapidity (|yLAB| < 2.4) [18]. In both exper-
iments Υ(1S) are measured down to pT = 0. The
suppression observed at forward rapidity is compat-
ible with that at mid-rapidity for both central and
semi-peripheral collisions.
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Figure 3: Left (Right): ALICE [12] and CMS [18]
nuclear modification factor of Υ(1S) as a function of
the average number of participant nucleons (rapidity)
measured in Pb-Pb collisions at
√
sNN = 2.76 TeV.
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The ALICE and CMS RAA as a function of ra-
pidity are compared in Fig. 3 (right). The Υ(1S)
suppression in the 2.5 < yLAB < 4 rapidity range is
compatible with that observed by the CMS Collabo-
ration in the |yLAB| < 2.4 range.
Finally, the ALICE and CMS data suggest a rather
small rapidity dependence for the Υ(1S) suppression.
It is to be noted that the the contribution of higher
mass bottomonium to the observed suppression is not
known and is expected to be large [19].
6 Conclusion
The nuclear modification factor of J/ψ has been mea-
sured down to pT = 0 at forward (2.5 < yLAB < 4)
and at mid-rapidity (|yLAB| < 0.9) in Pb-Pb colli-
sions at
√
sNN = 2.76 TeV with the ALICE detector.
A J/ψ suppression is observed which is independent
of the collision centrality for a number of participant
nucleon larger than 100. Comparison of data with
theory [5, 6, 7] suggests a large production of J/ψ by
(re-)generation in Pb-Pb collisions at LHC energies.
The nuclear modification factor of J/ψ has been
measured down to pT = 0 in p-Pb collisions at√
sNN = 5.02 TeV in the system rapidity ranges
2.03 < yCM < 3.54 and −4.46 < yCM < −2.96.
The forward-backward ratio of RpA has been also
measured in the range 2.96 < |yCM| < 3.54. The
EPS09 calculations at Next-to-Leading-Order [15] re-
produce reasonably the results, as well as models
which include a contribution from coherent parton
energy loss [16]. On the contrary, the Color Glass
Condensate Model [17] is not favoured.
The Υ(1S) RAA has been measured at forward ra-
pidity (2.5 < yLAB < 4) and down to pT = 0 in Pb-Pb
collisions at
√
sNN = 2.76 TeV [12]. A suppression of
Υ(1S) was observed. Comparison of ALICE data at
forward rapidity and CMS data [18] at mid-rapidity
(|yLAB| < 2.4) suggests a rather small dependence of
the suppression with rapidity.
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